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DIOXIN MONITORING PROGRAM 2002-2003:  STATUS OF DIOXIN IN MAINE
RIVERS

OVERVIEW
This report provides an update on the status of dioxin discharges from bleached kraft pulp and
paper mills to surface waters of Maine and human health implications.  More specifically, the
report identifies the tests that have been and will be used to determine if the mills are discharging
dioxins to the waters of the state.  The report also provides an initial assessment of compliance in
2003 with the ‘no discharge of dioxin’ provision of Maine state law.  The determination of
whether or not there is ‘any’ discharge of dioxin, is very complex and difficult.    The report
references conclusions drawn by two advisory groups to the Department.  The report contains the
data from the 2002 and 2003 Dioxin Monitoring Program, and therefore, also fulfills the annual
reporting requirements of the program.

FINDINGS

HUMAN HEALTH

• Dioxin levels in fish from Maine rivers continue to decline, approaching background at some
locations but still exceeding background at others.

• An evaluation of the health implications of dioxin/furan concentrations in fish in Maine
Rivers requires a comparison to a health benchmark.  The Bureau of Health uses a health
benchmark that is expressed as a specific fish tissue concentration of dioxins and furans,
referred to as a “Fish Tissue Action Level” or FTAL.  For the present report, the Bureau
compares the most recent data on contaminant levels in fish tissue to its current FTALs for
dioxins and furans of 1.5 parts per trillion (pptr) for protection of cancer-related effects and
1.8 parts per pptr for protection of noncancer related effects.  The Bureau additionally
compares sampling data to a lower FTAL of 0.4 pptr, which is under consideration as a
potential revision to current FTALs to account for background dietary exposure to dioxins
and furans.

• All sampling locations on the Penobscot and Kennebec Rivers had average dioxin and furan
levels in smallmouth bass and brown trout that were well below the current FTAL of 1.5
pptr, and below a potential lower FTAL of 0.4 pptr.  Levels in white suckers were below the
current FTAL of 1.5 pptr, but were generally above the potential lower FTAL of 0.4 pptr.

• With the exception of the Rumford Point sampling location on the Androscoggin River, all
other down river sampling locations had average dioxin and furan concentrations in bass
tissue that were below the current FTAL of 1.5 pptr.  However, all sampling locations with
the exception of Auburn had average levels of dioxins and furans that were above the
potential lower FTAL of 0.4 pptr – though for several locations levels were only slightly
above this health benchmark.  Levels in suckers were above the current FTAL for several
sampling locations.
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• The most recent sampling data for bass and suckers on the Presumpscot and Salmon Falls
Rivers indicate dioxin and furan levels below both current FTALs and the potential lower
FTAL of 0.4 pptr.  The most recent data for the West Branch of the Sebasticook River
indicates dioxin and furans levels above current FTALs.

• The Dead River connects the Androscoggin Lake to the Androscoggin River.
Androscoggin River water enters into Androscoggin Lake whenever floodwaters
overtop a floodgate on the Dead River.  Average dioxin and furan levels have yet to
be above the current FTAL of 1.5 pptr.  However, with the exception of the 2000
sampling season, all other sampling seasons have yielded average levels in fish tissue
above the potential lower-bound FTAL of 0.4 pptr.

• These most recent data on dioxin and furan concentrations in bass and trout from the
Kennebec and Penobscot Rivers indicate that we appear to be nearing the point where the
presence of these chemicals will no long contribute to the need for additional consumption
advisories beyond the statewide mercury advisory.  Additional advisories may continue to be
needed for suckers.

• The prognosis for consumption advisories on the Androscoggin River due to dioxins and
furans is less clear.  Levels generally remain elevated for suckers, and for bass at some
locations.

• Four factors complicate the evaluation of the health implications of current levels of dioxins
and furans in fish from Maine Rivers, and thus warrant careful consideration.  These factors
are:
1) the significant background dietary exposure to these chemicals that already occurs – this

being the primary reason for considering a potential lower FTAL of 0.4 pptr;
2) the growing influence of the practice of assuming chemicals not detected are indeed

present at ½ the analytical detection limit has on the estimate of the amount of dioxins
and furans in fish tissue;

3) the presence of other “dioxin-like” chemicals in the fish tissue that should be considered
in evaluating the overall health implications of consuming fish with dioxins, furans, and
coplanar polychlorinated biphenyls (PCBs); and

4) the unexplained substantial drop in levels of dioxins and furans in bass and trout for the
2002 and 2003 versus 2001 sampling seasons, in the absence of a similar change in levels
for suckers.

• The Dioxin Monitoring Program will need to continue for at least the immediate future.
There is a clear need to continue monitoring the levels in fish from the Androscoggin River,
West Branch Sebasticook River, and Androscoggin Lake.  Sampling of bass and trout on the
Kennebec and Penobscot Rivers is advisable for another year or two to confirm the recent
drops in levels of contaminants.  Additional monitoring of suckers on the Penobscot and
possibly Kennebec Rivers are recommended, along with analyses of coplanar PCBs under
the SWAT program.
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• It needs to be emphasized that any formal changes in Bureau of Health fish consumption
advisories involves a comprehensive review of the levels of all measured contaminants in
fish tissue (e.g. mercury, PCBs).  A lessened need for consumption advisories due to lower
levels of dioxins and furans in fish does not necessarily translate into changes in consumption
advisories for a waterbody.

DISCHARGES FROM BLEACHED KRAFT PULP AND PAPER MILLS

• There is some evidence that all 5 bleached kraft pulp and paper mills may have continuing
discharges of dioxin.  At each mill at least one test found increased dioxin below the mill.

• A preponderance of evidence (POE) approach, however, initially suggests that there is no
discharge from the International Paper mill in Jay or the SAPPI-Somerset mill in Skowhegan.

• Since only fish tests were conducted at the other 3 mills in 2003, no initial determination can
be made at this time based on a POE approach.

• A finding of no discharge for two consecutive years is necessary before a final determination
can be made.  Only 2 mills have a full year of data for use in a POE approach.

• The Above/Below (A/B) test will need to be continued in future years, as specified in statute,
to determine final compliance of all 5 mills with the ‘no discharge of dioxin’ provision of the
1997 Dioxin/color law.

RECOMMENDATIONS

ABOVE/BELOW TEST PARAMETERS

After receiving input from the SWAT TAG and Peer Review Panel, the Department recommends
that the A/B test be as follows.

1) The test will utilize 3 separate tests: a) bass, b) suckers, and c) caged mussels.
2) A preponderance of evidence  (POE) approach will be used where passage of 2 of the 3 tests

will be used to indicate no discharge.
3) To achieve an overall 95% confidence with the POE approach, the level of significance for

each individual test is 0.135 for both type I and II errors.
4) Compounds to be measured will be 2378-TCDD and 2378-TCDF.
5) Concentrations of these compounds will be based on lipid normalized values if there is a

significant (R2=>0.5) correlation between contaminant concentration and lipid, or wet weight
values if there is no significant correlation.

6) Concentrations less than the detection limit (<DL) will be calculated at ½ the DL.
7) Where all of the values for the samples at an above or below station are <DL, no statistical

determination will be made.
8) Because none of the tests are very sensitive, a mill must show no evidence of a discharge for

2 consecutive years before being deemed in compliance.  Periodic testing is subsequent years
will also be necessary to assure continued compliance.
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BACKGROUND

Dioxin was first discovered to be a problem in Maine in 1985, when the results of an analysis of
fish collected in 1984 from the Androscoggin River by the Maine Department of Environmental
Protection (the Department), used as a reference station for EPA’s National Dioxin Study,
documented significant concentrations of dioxin.   Consequently, the Maine Bureau of Health
issued Maine’s first fish consumption advisory in 1985.  Additional sampling in 1985 and 1986
found similar levels in fish from other rivers below bleached kraft pulp and paper mills, but not
from rivers or lakes with no such sources, leading to inclusion of parts of the Kennebec River
and Penobscot River in a revised fish consumption advisory in 1987.    As a result there was a
bill before the Maine legislature in 1988 to ban the discharge of dioxin, but the bill was amended
to establish a monitoring program, Maine’s Dioxin Monitoring Program (DMP) and enacted into
law (38 MRSA section 420-A) to sunset in 1990.  Discovery of continuing significant
concentrations in fish from these and other rivers resulted in the DMP being reauthorized in
1990, 1995, 1997, and most recently in 2002 extending until 2007.  The Department has issued
reports of the results of monitoring annually. Fish consumption advisories have been issued or
modified in 1985, 1987, 1990, 1992, 1994, 1997, and 2000.

DIOXIN MONITORING PROGRAM

The goal of Maine's Dioxin Monitoring Program is "to determine the nature of dioxin
contamination in the waters and fisheries of the State".  Charged with administration of the
program, the Department is required to sample fish once a year below no more than 12 bleached
pulp mills, municipal wastewater treatment plants, or other known or likely sources of dioxin.
Costs for equipment, supplies, and analysis are assessed to the selected facilities annually, and
could not exceed $168,000 until 1997 when the limit was raised to $250,000 to incorporate
development of the Above/Below (A/B) fish test.  The Department is advised by the Surface
Water Ambient Toxic (SWAT) Monitoring Program Technical Advisory Group in
implementation of the program.  An annual report is required to be submitted to the Natural
Resources Committee of the Maine Legislature by March 31 with the results from the previous
year, including status of progress toward meeting the requirements of the Dioxin/Color law.

The primary objective of the Dioxin Monitoring Program is to monitor dioxin in fish for
assessment of human health and ecological impact.

A second objective is to measure trends, progress toward reduction in environmental
concentrations, and effectiveness and need for further controls.

1997 DIOXIN/COLOR LAW

A third objective, integrated into the DMP, comes from the Dioxin/Color law.  In 1997 the
Maine legislature enacted LD 1633 "An Act to Make Fish in Maine Rivers Safe to Eat and
Reduce Color Pollution", the Dioxin/Color law [38 MRSA section 420(2)(I)].  The key
requirement is that ‘a (bleach kraft pulp) mill may not discharge dioxin into its receiving waters
after December 31, 2002.  To determine compliance, there are interim tests and a final test.  Two
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interim tests, of effluent from the bleach plant require that 1) TCDD (2378-tetrachlorodibenzo-p-
dioxin, the most toxic of the 17 toxic dioxins and furans) must be below 10 ppq, parts per
quadrillion or picograms per gram, pg/g by July 31, 1998 and 2) TCDF (2378-
tetrachlorodibenzofuran) must be below the same detection limit by December 31, 1999.  As the
final test to confirm that there is no discharge, by December 31, 2002 fish (or surrogate) below a
bleached kraft pulp mill must have no more dioxin than fish (or surrogate) above the mill, the so-
called "above/below (A/B) fish test".

Since contamination levels in fish are likely to be highest in late summer to early fall, sampling
for compliance with the December 31, 2002 deadline could not occur until summer 2003.
Laboratory results would not be available until several months thereafter.  Therefore, in 2003 the
legislature amended the 1997 Dioxin/Color law to delay the date of DEP’s report by a year, to
February 16, 2004.  The amendment also delayed the date by which a mill must demonstrate it
no longer discharges, if the Department finds that it does, for a year.  The amendment also
requires the mills to make the demonstration annually.

REPORT
Public Law 1997, Chapter 44, section 10 as amended in 2003 requires the Department of
Environmental Protection and Department of Human Services to report on the progress
towards the elimination of dioxin discharges from bleached kraft pulp mills as detailed
below:

The Commissioner of Environmental Protection and the Commissioner of Human
Services shall report to the Governor and the joint standing committee of the Legislature
having jurisdiction over natural resources matters by May 1, 2001 on progress made in
achieving the requirements specified in the Maine Revised Statutes, Title 38, section 420,
subsection 2. On February 16, 2004, the Commissioner of Environmental Protection and
the Commissioner of Human Services shall present to the Governor and the joint standing
committee of the Legislature having jurisdiction over natural resources matters a
comprehensive assessment on the progress in eliminating the discharge of dioxin from
bleach kraft pulp mills in this State.

The assessment must report on:

1.   Dioxin concentrations in fish above and below mills and the health implications of
  those concentrations;
2.   Any evidence that dioxin is being discharged from any mill;
3.   Current technology that achieves no discharge of dioxin;
4.   The need for continuing the dioxin monitoring program; and
5.   Other known sources of dioxin polluting rivers in this State.

The commissioners shall make recommendations regarding any additional action that
may be warranted.

The remainder of this report will be organized  according to these five sections.
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1. DIOXIN CONCENTRATIONS IN FISH ABOVE AND BELOW MILLS AND HEALTH
IMPLICATIONS

A. Concentrations in Fish

There are 75 dioxins and 135 related furans, 17 of which are considered toxic, but with different
toxicities.  The total toxicity of a sample (dioxin toxic equivalents=DTE) can be calculated as the
sum of the products of the concentrations and toxicity equivalency factors (TEF, relative to the
most toxic dioxin, TCDD) for each of the 17 dioxin and furans.   A summary of the 2002 and
2003 dioxin data for all aspects of the DMP are shown in Table 1 (see Appendices 2 and 8 for
raw dioxin data, Appendix 6 for fish sample data, Appendix 7 for all historical dioxin data). DTE
are presented as a range with non-detects at zero and the detection limit. Dioxin concentrations in
fish generally continued to decline from previous years, but there is some year to year variation
in the trends. Concentrations remained elevated above natural background levels in fish at some
stations, particularly on the Androscoggin River, but approached background levels at some
stations on other rivers. Implications for human health will be discussed in more detail in the
following section.

Table 1.  TCDD and DTE in fish from Maine rivers 2001-2003  (pg/g)

20 01 20 02 20 03
WATER/STATIOSPECIES TIS TCDD DTE TCDD DTE TCDD DTE

ANDROSCOGGIN LAKE
  Wayne bn trout f

bass f <0.1 0.1-0.8 <0.1 0.3-1.3 0.2 0.8-1.0
w perch 0.1 0.2-0.7 <0.1 0.4-1.4 0.1 0.7-0.9
sucker w <0.1 0.1-0.7

Pocasset LAKE
  Wayne bass <0.1 <0.1-1.2 <0.1 <0.1-0.5

bass comp <0.1 0.2-0.5
sucker <0.1 0.3-0.6

ANDROSCOGGIN R
  Gilead rb trout 0.8 2.1-2.5

bn trout 0.8 2.5-2.7
bass 0.3 1.0-1.4 <0.1 1.4-2.3 0.1 1.1-1.4
juv bass <0.1 1.9-2.8
sucker w 0.1 0.7-1.1 0.1 1.4-2.2 <0.1 1.2-1.5

  Rumford bass f 0.2 0.5-1.0 0.1 0.6-1.5 <0.1 0.6-0.9
juv bass <0.1 0.8-1.4
sucker w 0.3 2.0-2.4 <0.1 0.4-1.5 0.2 1.8-2.1

  Riley bass 0.2 0.8-1.0 <0.1 0.2-1.3 <0.1 0.3-0.7
sucker w 0.3 1.9-2.1 0.1 0.6-1.6 0.2 1.9-2.1

  Livermore bass f 0.3 0.9-1.4 0.1 0.3-1.4 <0.1 0.2-0.6
sucker w 0.3 1.6-1.7 0.2 0.9-1.9 0.3 1.6-1.9
sucker comp 0.2 1.5-1.7

  Livermore bass <0.1 0.2-0.6
sucker 0.1 0.6-0.9

  Auburn-GIPbass f 0.2 0.4-0.9 0.1 0.2-1.3
sucker w 0.2 0.6-0.9 0.3 0.8-1.2

  Lisbon Falbass f 0.4 1.1-1.5
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2001 2002 2003
WATER/STATIOSPECIES TIS TCDD DTE TCDD DTE TCDD DTE

KENNEBEC R
  Madison bn trout f <0.1 <0.1-0.7
  Norridgewobass <0.1 0.1-0.8 <0.1 <0.1-1.3 <0.1 <0.1-0.5

bn trout <0.1 <0.1-1.0
sucker <0.1 <0.1-0.7 <0.1 <0.1-0.5

  Fairfieldbass f 0.3 0.4-1.0 <0.1 <0.1-1.2 <0.1 <0.1-0.5
 bn trout f 1.0 1.2-1.8 0.1 0.1-1.0

sucker w 0.3 0.5-1.1 0.2 0.3-0.6
  Sidney bass f 0.2 0.4-0.9 0.1 <0.1-1.3

bn trout 0.4 0.5-1.1

PENOBSCOT R
  Woodvillebass <0.1 0.1-0.7 <0.1 <0.1-1.0 <0.1 <0.1-0.6

sucker <0.1 0.1-0.7 <0.1 1.6-1.9 <0.1 0.5-0.8
  Winn bass <0.1 <0.1-0.7 <0.1 <0.1-1.2 <0.1 <0.1-0.5

sucker <0.1 <0.1-0.7 0.2 1.1-1.8 <0.1 0.3-0.6
  S Lincolnbass f 0.4 0.5-1.1 <0.1 <0.1-1.2 <0.1 <0.1-0.5

sucker w 0.3 0.5-1.1 0.3 1.6-2.0 0.1 0.6-0.8
  Milford bass f 0.3 0.5-1.1 <0.1 <0.1-1.2 <0.1 <0.1-0.5

sucker w 0.4 0.5-1.0 0.3 1.0-1.7 <0.1 0.3-0.7
  Veazie bass f 0.2 0.3-0.8 <0.1 >0.1-1.2 <0.1 <0.1-0.5

sucker w 1.3 1.7-2.2 0.4 1.4-2.0 0.1 0.2-0.6
  Bangor eel f 1.1 1.5-2.0 0.1 0.2-1.3
    juv eel <0.1 0.1-1.3
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2001 2002 2003
WATER/STATIOSPECIES TIS TCDD DTE TCDD DTE TCDD DTE

PRESUMPSCOT R
  Windham bass f <0.1 0.1-0.8 <0.1 <0.1-1.5

sucker w 0.2 1.4-1.5 <0.1 0.1-1.3
  Westbrookbass f <0.1 <0.1-0.8 <0.1 <0.1-1.2

sucker w 0.2 1.3-1.7 <0.1 0.1-1.3

SALMON FALLS R
  S Berwickbass f 0.2 0.4-0.8 0.1 0.1-1.2

lm bass
pickerel f

SEBASTICOOK R
  Newport bass f 0.1 0.6-0.9
  Detroit bass f 0.1 0.2-0.8
  W Br Palmybass f 0.2 0.5-0.8 0.3 0.4-1.2 0.4 0.9-1.1

f=fillet
m=meat
t=tomalley
w=whole
DTE= dioxin toxic equivalents  using WHO 98 toxic equivalency factors (TEF).
Range shown at nd=0 and nd=mdl, ie DTEo-DTEd
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B. Evaluation of the Human Health Implications

This section presents the Department of Human Services, Bureau of Health,
Environmental Health Unit’s evaluation of the health implications of dioxin
concentrations in fish from Maine Rivers.  The evaluation is based on the most recent
sampling data (2002 and 2003 sampling seasons).   The focus is on data for the
Androscoggin, Kennebec, and Penobscot Rivers.  These are the locations where sampling
efforts for dioxins and furans have been most concentrated.  Recent data on sampling of
fish from other rivers (e.g., Presumpscot, Salmon Falls, and Sebasticook Rivers) and
Androscoggin Lake will also be discussed.  As the Bureau of Health has had less than 2
months to examine most of these data, the evaluation of these data is ongoing.

Health Benchmarks for Evaluating Dioxin Concentrations in Fish from Maine
Rivers

An evaluation of the health implications of dioxin and furan concentrations in fish in
Maine Rivers requires a comparison to a health benchmark.  Since 1990, the Bureau of
Health has relied on a health benchmark expressed as a specific fish tissue concentration
of dioxins and furans.  This benchmark is referred to as a “Fish Tissue Action Level” or
FTAL.  FTALs reflect the maximum level of a chemical in fish tissue that will allow
consumption at a rate of one 8-oz meal per week without exceeding a tolerable daily
intake for the specific chemical.  The FTALs for dioxins and furans expressed on a toxic
equivalency basis are 1.5 parts per trillion (pptr) for protection of cancer-related health
effects and 1.8 pptr for protection of non-cancer related health effects.1

These FTALs are based on an estimate of a tolerable daily intake for dioxins and furans
of 0.7 picogram per kilogram-body weight per day (pg/kg/day) for protection of cancer
related effects and 1 pg/kg/day for protection of non-cancer related health effects.1 These
toxicity values were derived by the Bureau of Health in 1990, and were subject to review
by an external Scientific Advisory Panel.2  A tolerable daily intake of 1 pg/kg/day
remains consistent with the most recent recommendations by the U.S. Agency for Toxic
Substances and Disease Registry (ATSDR) and the World Health Organization
(WHO).3,4 The U.S. Environmental Protection Agency has yet to finalize its decade-long

                                                
1 The Bureau of Health has formally derived separate FTALs for dioxins and furans for cancer and
noncancer health effects.  The FTAL for cancer-related effects is 1.5 pptr, and the FTAL for noncancer
related effects is 1.8 pptr.  The corresponding tolerable daily intakes for cancer and noncancer effects are
0.7 and 1 pg/kg/day respectively.  The derivation of these tolerable daily intakes is described in Frakes
(1990).  The uncertainty in both the analytical and toxicological science does not afford a level of precision
to view these two numbers as significantly different, so for the purposes of the present report only the 1.5
pptr FTAL will be used as a health benchmark.
2 Frakes, R.A. (1990). Health Based Water Quality Criteria for 2,3,7,8-Tetrachlorodibenzo-p-Dioxin
(TCDD). Final. November. Maine Bureau of Health
3 ATSDR (1998). Toxicological Profile for chlorinated dibenzo-p-dioxins (update). US Dept. of Health and
Human Services. Agency for Toxic Substances and Disease Registry.
http://www.atsdr.cdc.gov/toxprofiles/tp104.html
4 WHO (1998) Assessment of the health risk of dioxins: re-evaluation of the Tolerable Daily Intake (TDI)
WHO Consultation May 25-29 1998, Geneva, Switzerland WHO European Centre for Environment and
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process of reassessing the toxicity of dioxins and furans.  In its 2000 draft reassessment,
EPA estimated that the amount of dioxin found in the tissues of the general human
population (which is known as the “body burden”) closely approaches (within a factor of
10) the levels at which adverse effects might be expected to occur.5 For cancer, EPA
estimates that the risks for the general population based on dietary intake may exceed 1-
in-1,000 increased chance of experiencing cancer related to dioxin exposure. This range
for cancer risk indicates an about 10-fold higher chance than estimated in EPA’s earlier
(1994) draft of this reassessment, and 100-fold higher than cancer risk estimates based on
the Bureau of Health’s current toxicity values.  The most recent draft of EPA’s
reassessment has been submitted to the National Academy of Sciences (NAS) to provide
yet an additional review to help ensure that the risk estimates contained in the draft are
scientifically robust and that there is a clear delineation of all associated uncertainties.6
Should the current draft risk assessments be supported by the NAS review, it may be
necessary for the Bureau of Health to revise its cancer-related FTALs for dioxins and
furans.  It is the Bureau’s policy to rely on toxicity values derived by USEPA that have
undergone sufficient review to be listed in the Agency’s Integrated Risk Information
System (IRIS).

Separately from USEPA’s dioxin reassessment activity, the Bureau of Health has been
evaluating whether to revise its current noncancer related FTAL of 1.8 pptr for dioxins
and furans.  The Bureau’s motivation has had less to do with questions about its current
toxicity values, as these values remain supported by U.S. ATSDR and WHO.   Rather,
the motivation has been to ensure that cumulative dioxin and furan exposures to do
substantially exceed the estimated tolerable daily intake for these chemicals.  The
Bureau’s current FTAL for dioxins and furans apportions 100% of the tolerable daily
intake for these chemicals from the consumption of a single fish-meal per week.  Any
additional intake to these chemicals from sources other than fish would result in
cumulative exposures potentially above the tolerable daily intake.  As all dioxin like
compounds (including coplanar PCBs) are ubiquitous in animal fats (e.g., beef, pork,
poultry, dairy in addition to fish), the potential for other dietary foods to significantly
contribute to daily intake of dioxins and furans should be considered.

Figure 1 illustrates a recent summary of detectable levels of dioxins and furans on a toxic
equivalency basis for a number of common dietary foods.7  For comparison purposes,
these levels are compared with the most recent monitoring data for levels of dioxins and

                                                                                                                                                
Health International Programme on Chemical Safety http://www.who.int/pcs/docs/dioxin-exec-sum/exe-
sum-final.html
5 See: Dioxin: Summary of the Dioxin Reassessment Science: Information Sheet 1, May 25, 2001 Update,
U.S. Environmental Protection Agency, Office of Research and Development, Washington DC.
http://www.epa.gov/ncea/pdfs/dioxin/factsheets/dioxin_short2.pdf
6 See: Dioxin: Dioxin Reassessment Process: What is the Status of the Reassessment and How Was the
Reassessment Developed. Information Sheet 3, October 29, 2003 Update, U.S. Environmental Protection
Agency, Office of Research and Development, Washington DC.
http://www.epa.gov/ncea/pdfs/dioxin/factsheets/infosheet3.pdf
7 NAS (2003). Dioxins and Dioxin Like Compounds in the Food Supply. Strategies to Decrease Exposure.
National Academy Press, Washington, DC.
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furans in smallmouth bass from three Maine Rivers.  One notable feature of Figure 1 is
that dioxin and furan levels in bass from the Androscoggin River remain high relative to
most other protein sources.  In contrast, levels of these chemicals in game fish from the
either the Kennebec or Penobscot Rivers are now low relative to other dietary sources of
protein.

The data shown in Figure 1 can be combined with data on typical U.S. food consumption
rates to generate estimates of average U.S. population dietary exposure to dioxins and
furans, both cumulatively as well as by type of dietary food.  Figure 2 shows one such
compendium of the fractional contribution of various dietary foods to average U.S.
exposure to dioxins and furans, which was prepared for a report by the National
Academy of Sciences.7 This particular figure was generated using typical dietary food
intakes averaged over a lifetime.  The fractional contributions would look somewhat
different for other averaging periods (e.g., infants, young children, adolescents, and
adults).

Figure 1.  Typical levels of dioxins and furans on a toxic equivalency basis found in common
dietary foods, as compared against the range of levels reported for smallmouth bass caught in three
Maine rivers – the Androscoggin, Kennebec, and Penobscot Rivers.
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The estimated cumulative exposure to dioxins and furans associated with Figure 2 ranges
from a low of 0.3 pg/kg/day to a high of 0.8 pg/kg/day.8  The range results from two
factors: a) whether individuals are low or high consumers of meat, poultry and fish; and
b) assumptions about the presence of dioxins and furans below analytical limits of
detection. USEPA has provided guidance on how to account for background exposures
when developing fish consumption advisories or ambient water quality criteria.9,10 Should

                                                
8 NAS (2003). Dioxins and Dioxin Like Compounds in the Food Supply. Strategies to Decrease Exposure.
National Academy Press, Washington, DC.  See Table 5-3.
9 EPA (1999). Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories. Volume 2.
Risk Assessment and Fish Consumption Limits. Third Edition, Draft. August. EPA 823-R-99-008
10 EPA (2000). Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human
Health (2000). Office of Water. October. EPA-822-00-004

Figure 2.  Estimated percent contribution of various dietary foods to lifetime cumulative exposure
to dioxin-like compounds for males and females averaged over lifetime exposure.  Reproduced
from NAS (2003).
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the Bureau choose to follow this methodology to account for background dietary
exposure to dioxins and furans, the FTAL for non-cancer related effects would be
reduced from 1.8 pptr to between 0.4 and 1.3 pptr.11  The following discussion about the
health implications of dioxin concentrations in fish from Maine Rivers will reference
both the current FTALs of 1.5 and 1.8 pptr, along with a potential lower-bound value of
0.4 pptr.

Science-Policy Issues in Preparing Fish Tissue Data for Comparison with Health
Benchmarks

Before discussing the most recent data on dioxin and furan levels in fish tissue from
Maine rivers, it should be noted that a number of science-policy issues arise in working
up such data.  All of these science-policy issues arise out of the need to confront
scientific uncertainty.  These issues include the need to: a) account for the different
toxicity of individual dioxin and furan compounds in the absence of complete data on
each; b) account for statistical uncertainty in estimates of average (i.e., mean)
concentrations due to small numbers of fish collected at any given location; and c)
account for laboratory analytical limitations in the ability to detect trace levels in fish
tissue.  The Bureau of Health relies on the Vandenberg et al. (1998) Toxic Equivalency
Factors (TEFs) for generating a single toxicity-weighted sum of all the dioxin and furan
congeners present in any given sample.12 This toxicity-weighted sum is referred to as
Toxic Equivalents (TEQs) or Dioxin Toxic Equivalents (DTE) in parts per trillion of
dioxin.  The effect of sample size on confidence in the estimated mean concentrations of
chemicals in fish tissue is addressed by using the 95th percentile upper confidence limit
(UCL) on the mean as the point of comparison to the FTAL.13  The larger the sample
size, the less the difference between the sample mean and the 95th percentile UCL.  With
these most recent data, there is generally less than a 20% difference between the observed
sample mean and the 95th percentile UCL on the sample mean.  If a chemist does not find
a chemical above its analytical detection limit, it does not necessarily mean the chemical
is not found in the sample.  The true level of the chemical in the sample could be zero,
just below the detection limit or anywhere in between.  It is standard practice in human
health assessment to assume that any non-detect is found at ½ the detection limit.  It
should additionally be noted that the lower analytical detection limits reported for the
2003 data were assumed applicable for the 2002 data.    The laboratory analyzing the
2002 data reported higher detection limits for some dioxin and furan congeners than the

                                                
11 One approach is to subtract out the estimated background exposure from the tolerable daily intake.
Under this approach, the estimates of background dietary exposure ranging from 0.3 pg/kg/day to 0.8
pg/kg/day could be subtracted from the tolerable daily intake of 1 pg/kg/day.  The FTAL would then be
calculated using the remaining increment of the tolerable daily intake.
12 Van den Berg, et al. 1998. Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for Humans and
Wildlife. Environmental Health Perspectives. 106(12):775-792
13 The Bureau of Health has a policy of using a statistical upper confidence limit on the estimated mean
concentration from a sample of fish.  The intent of this policy is two-fold: a) to conservatively account for
uncertainty inherent in environmental sampling, and b) to provide an incentive for collecting larger sample
sizes.  The difference between the mean and upper confidence of the mean will decrease as a function of
the square root of the number of fish collected.
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laboratory analyzing the 2003 data.  Yet the actual detected levels of dioxins and furans
were quite similar for these two years.  The issue of detection limits is discussed further
in a following section.   All of the above science-policy issues intended to respond to
scientific uncertainty are standard practice used by BOH in developing fish consumption
advisories.

Comparison of Data on Dioxin Concentrations in Fish from Maine Rivers with
Health Benchmarks

Figures 3 and 4 summarize the average levels of dioxins and furans in smallmouth bass
(Figure 3) and suckers (Figure 4) collected from the Androscoggin, Kennebec and
Penobscot Rivers during the 2002 and 2003 field seasons.  With the exception of the
Rumford Point sampling location on the Androscoggin River, all other sampling
locations show average dioxin and furan concentrations in smallmouth bass that were
well below the current FTAL of 1.5 pptr.  This observation is fairly consistent for both
years.  Historically, the Gilead sampling location on the Androscoggin River (near the
Maine – New Hampshire border) has also had fish levels of dioxins and furans above 1.5
pptr.  More recent data for Gilead were not available.  Average levels of dioxins and
furans at sampling locations on the Kennebec and Penobscot Rivers were additionally
below the potential lower-bound FTAL of 0.4 pptr.  This was not the case for sampling
locations on the Androscoggin River.  All sampling locations with the exception of
Auburn had average levels of dioxins and furans that were above the potential lower
bound FTAL of 0.4 pptr, though for several locations levels were only slightly above this
health benchmark.

Figure 3.  Average levels of dioxins and furans in smallmouth bass and brown trout for sampling
locations along three Maine Rivers.  Levels are reported on a toxic equivalency basis in parts per
trillion (pptr), and are computed assuming congeners below analytical detection limits are present
at ½ the detection limit.  To account for sample size limitations, the 95th percentile upper
confidence limit on the sample mean is shown, rather than the sample mean itself.
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In general, levels of dioxins and furans were considerably higher in filet tissue of white
suckers (Figure 4).  Suckers from most sampling locations on the Androscoggin River
had average levels of dioxins and furans that were above the current FTAL of 1.5 pptr.
The levels in suckers from Rumford were quite different between the 2002 and 2003
sampling seasons.  This appears to be related in part to the collection of two fish (out of
10) with particularly high levels of dioxins and furans and high lipid content.  The other
sampling locations with data for both 2002 and 2003 were fairly similar.  The levels of
dioxins and furans in suckers from sampling locations on the Kennebec and Penobscot
Rivers were below the current FTAL of 1.5 pptr, but generally above the potential lower-
FTAL of 0.4 pptr (suckers from Norridgewock and Veazie were the exception).
Sampling data for sucker filet tissue were not available for the 2002 sampling season.

Caveats to Evaluating Health Implications of Current Dioxin and Furan Levels

Three factors complicate the evaluation of the health implications of current levels of
dioxins and furans in fish from Maine Rivers.  One of the factors concerns the growing
influence of assuming chemicals not detected are actually present at ½ the analytical
detection limit, on the estimate of the amount of dioxins and furans in smallmouth bass.
This growing influence is illustrated in Figure 5.  Figure 5 shows the relative contribution
of actual detected dioxin and furan concentrations versus the amount added by the policy
of assuming that congeners not detected above analytical reporting limits are present at ½

Figure 4.  Average levels of dioxins and furans in white suckers for sampling locations along three
Maine Rivers.  Levels are reported on a toxic equivalency basis in parts per trillion (pptr), and are
computed assuming congeners below analytical detection limits are present at ½ the detection limit.
To account for sample size limitations, the 95th percentile upper confidence limit on the sample
mean is shown, rather than the sample mean itself.



19

the detection limit.  More than 80% of the dioxin and furan toxic equivalents in small-
mouth bass from the Kennebec and Penobscot River sampling locations can be viewed as
uncertain estimates arising from constraints on analytical detection limits.  Thus, one
cannot rule out that actual levels of dioxins and furans in smallmouth bass may indeed be
substantially lower than levels illustrated in Figure 3.  The effect on reported levels for
fish collected from the Androscoggin River was less of an issue.

In general, treatment of nondetects was less of an issue for white suckers (Figure 6).
However, for three sampling locations the effect was significant (Norridgewock on the
Kennebec, and Costigan and Veazie on the Penobscot), and for most locations on the
Kennebec and Penobscot Rivers, actual detected levels were less than the potential 0.4
pptr FTAL.

Figure 5.  Relative contribution of detected dioxin and furan levels in smallmouth bass versus the
amount added by the policy of assuming that congeners reported as non-detect are present at ½ the
analytical detection limit.  Data are from the 2003 sampling season.   Levels are averages for
sampling locations.
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Figure 6.  Relative contribution of detected dioxin and furan levels in white suckers versus the
amount added by the policy of assuming that congeners reported as non-detect are present at ½ the
analytical detection limit.  Data are from the 2003 sampling season.   Levels are averages for
sampling locations.
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The second factor complicating evaluation of the health implications of current levels of
dioxins and furans in fish concerns the presence of other “dioxin-like” chemicals.   Most
notable has been the presence of coplanar polychlorinated biphenyls (PCBs) in fish
tissue.  Coplanar PCBs are believed capable of operating by the same toxicological
mechanism as the dioxins and furans (i.e., binding to the same biochemical receptor).
Toxic equivalency factors have been developed for coplanar PCBs so that they can be
combined with dioxins and furans on a common toxicity-weighted scale.14

In assessing the health implication of levels of contaminants in fish tissue, it has been the
Bureau of Health’s policy to evaluate the cumulative effects of dioxins, furans, and
coplanar PCBs when assessing the non-cancer related hazard for these chemicals, using
the FTAL of 1.8 pptr as the health benchmark.15  Figure 7 shows the cumulative toxic
equivalents for dioxins, furans, and coplanar PCBs in smallmouth bass for the latest year
data on coplanar PCBs were available (2002).   Coplanar PCBs substantially add to the
total dioxin-like toxic equivalents at all sampling locations, often more than doubling
levels.  The fact that the calculation of toxic equivalents from coplanar PCBs is largely
not affected by treatment of non-detects makes their contribution even more impressive.

With the addition of coplanar PCBs, the levels of total dioxin-like toxic equivalents in
smallmouth bass remain below the Bureau’s FTAL of 1.8 pptr for noncancer effects at
most sampling locations.  The exceptions are two sampling locations on the
Androscoggin River (Rumford Point and Livermore Falls).  As before, it remains
appropriate to consider the cumulative effect of concurrent dietary exposure.  Compared
against the lower potential FTAL of 0.4 pptr, all sampling locations have levels of total
dioxin-like compounds above the lower health benchmark.  The levels of coplanar PCBs
alone typically contribute in excess of 0.4 pptr to total dioxin-like equivalents. It should
be noted that there are limited data on levels of coplanar PCBs in dietary foods, but by
some estimates may contribute 50 percent of the dioxin-like toxic equivalents.16  Taking
background exposure to all dioxin-like compounds into account (including coplanar
PCBs) will further argue for a FTAL in the range of 0.4 pptr for protection of non-cancer
related effects.  There are no recent data on coplanar PCBs in white suckers.  Based on
analogy to the bass data, it is reasonable to expect that the addition of coplanar PCBs to
total dioxin-like compounds will result in cumulative toxic equivalents above current
FTALs for most locations on the Androscoggin River.  Levels on the other rivers would
likely be above 1 pptr and therefore well above the potential FTAL of 0.4 pptr.

                                                
14 Van den Berg, et al. 1998. Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for Humans and
Wildlife. Environmental Health Perspectives. 106(12):775-792
15 When considering the cumulative effect of dioxins and furans and coplanar PCBs, the Bureau of Health
focuses on the non-cancer related health benchmark.  This policy is based on an assumption of a threshold-
type response for non-cancer effects, and the public health policy of preventing this threshold from being
exceeded by the cumulative exposure of chemicals operating by a common toxicological mechanism.  In
contrast, the cancer related FTAL is based on an incremental lifetime cancer risk, set low (i.e., one per
hundred thousand) in part to allow for the cumulative effect of exposure to other carcinogens.
16 NAS (2003). Dioxins and Dioxin Like Compounds in the Food Supply. Strategies to Decrease Exposure.
National Academy Press, Washington, DC.  See Appendix B.
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The third factor complicating the evaluation of the health implications of current levels of
dioxins and furans in fish concerns the substantial drop in levels in these contaminants
when compared to the data from the 2001 sampling season.  This drop is illustrated in
Figure 8 for smallmouth bass and trout.  Most sampling locations, though not all, had
substantially higher levels of dioxins and furans in bass collected in 2001 as compared to
the 2002 and 2003 sampling seasons.   It should be noted that this is not solely a
quantitative change, but a qualitative one as well.  Inspection of the specific dioxin and
furan congener profiles indicates that 2,3,7,8-TCDD, the most toxic of the dioxin
congeners is now rarely detected in bass from sampling locations on the Kennebec and
Penobscot Rivers, as compared to samples collected in 2001 and earlier.

In contrast to the bass data, levels of dioxins and furans in white sucker did not show
major changes for the 2001 versus 2002 and 2003 sampling seasons (Figure 9).  It has yet
to be fully explained whether the drop in dioxin and furan levels in bass is related to true
changes in the environment versus laboratory analytical artifacts.  Questions have been
raised about the reliability of some of the past dioxin and furan data.17  However, all
analytical data submitted to the Department of Environmental Protection have been
reported to meet their quality assurance and quality control standards.

                                                
17 Tier III data validation report: BIA Penobscot River Study – Data Validation for Dioxin/Furans Fish
Tissue Samples.  U.S. Environmental Protection Agency, Region I, Boston, MA.  TO No. 09, Task No. 2,
TDF NO. 0302.

Figure 7.  Contribution of coplanar PCBs to total dioxin-like toxic equivalents for smallmouth bass
and brown trout.  Data are from the 2002 sampling season.
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Figure 8.  Average levels of dioxins and furans in smallmouth bass and brown trout for sampling
locations along three Maine Rivers for the 2001 through 2003 sampling season.  Levels are
reported on a toxic equivalency basis in parts per trillion (pptr), and are computed assuming
congeners below analytical detection limits are present at ½ the detection limit.

Figure 9.  Average levels of dioxins and furans in white suckers for sampling locations along three
Maine Rivers for the 2001 through 2003 sampling season.  Levels are reported on a toxic
equivalency basis in parts per trillion (pptr), and are computed assuming congeners below
analytical detection limits are present at ½ the detection limit.
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Dioxin and Furan Levels in Fish Other Maine Waters

Other Rivers

Figure 10 shows the most recent data from sampling on the Salmon Falls, Presumpscot
and West Branch Sebasticook Rivers.   The Presumpscot River has historically received a
discharge from a pulp and paper mill, whereas the other two rivers have not.  The West
Branch of the Sebasticook River has historically received discharges from the Irving
Tanning Company whereas the Salmon Falls River received discharge from Prime
Tanning Company.18

The 2002 data for both the Salmon Falls and Presumpscot Rivers show dioxin and furan
levels in smallmouth bass and suckers that are below both current FTALs and a potential
lower FTAL of 0.4 pptr.   This is not the case for the Sebasticook River, where both 2001
and 2002 average dioxin and furan levels in bass are above the potential 0.4 pptr FTAL,
and the most recent 2003 data exceed the current FTAL of 1.5 pptr.  The substantial
increase in levels on the Sebasticook between the 2002 and 2003 seasons can be
explained in part due to differences in fish lipid content.

                                                
18  Mower B, Dioxin Monitoring Program 2001, DEPLW0528, Maine Department of Environmental
Protection, Augusta, ME, August 2002.

Figure 10.    Average levels of dioxins and furans in fish for sampling locations on the Salmon
Falls, Presumpscot, and W. Br. Sebasticook Rivers.  Levels are reported on a toxic equivalency
basis in parts per trillion (pptr), and are computed assuming congeners below analytical detection
limits are present at ½ the detection limit.  To account for sample size limitations, the 95th

percentile upper confidence limit on the sample mean is shown, rather than the sample mean itself.
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Androscoggin Lake

While this report has focused on dioxin and furan levels in fish collected from Maine
rivers, it is appropriate to comment upon the level of these contaminants in fish collected
from Androscoggin Lake.  The Dead River connects the Androscoggin Lake to the
Androscoggin River.   It has been estimated that 2 to 3 times a year Androscoggin River
water overtops a floodgate on the Dead River and flows into Androscoggin Lake.19

Levels of dioxins and furans have been monitored in fish collected from Androscoggin
Lake. Figure 11 shows results from sampling smallmouth bass and white perch since
1998.  No sampling season was associated with average levels of dioxins and furans
above the current FTAL of 1.5 pptr.  However, with the exception of 2000, all were
above the potential lower-bound FTAL of 0.4 pptr.  Although these data show no
consistent evidence of a decline in dioxin levels, TCDD and DTEo (TEQ) levels with
where non-detects are zero do show a general decline since first sampled in 1996 in both
bass and suckers (Appendix 7, Table 1) with the exception that concentrations of DTEo
are slightly higher in bass since 2002.   This general decline is similar to that of the
nearest upstream sampling location on the Androscoggin River (Livermore Falls).  The
source of the year-to-year variation in levels of dioxins and furans shown in Figure 11 is
partly due to the practice of using ½ the detection limit and varying detection limits from
year to year.  Year-to-year variation in fish lipid content is not a major factor; the lipid
normalized data show a similar pattern.

                                                
19 Lane O and Evers D, Androscoggin Lake Wildlife Risk Assessment: 2001 Pilot Study Report, Report
BRI2002-12, BioDiversity Research Institute, Falmouth, Maine, May 15, 2002.

Figure 11.  Average levels of dioxins and furans in game fish collected from Androscoggin Lake
for the 1998 – 2003 sampling seasons.  Levels are reported on a toxic equivalency basis in parts per
trillion (pptr), and are computed assuming congeners below analytical detection limits are present
at ½ the detection limit.
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Summary of Human Health Implications
These most recent data on dioxin and furan concentrations in bass and trout from the
Kennebec and Penobscot Rivers indicate that we appear to be nearing the point where the
presence of these chemicals will no long contribute to the need for additional fish
consumption advisories beyond the statewide mercury advisory.  This will be the case
even after the Bureau adopts a lower FTAL to account for background dietary exposure
to these chemicals.  The presence of coplanar PCBs in fish tissue is becoming the primary
concern for dioxin-like compounds on these waters.  Unfortunately, this favorable
development for bass and brown trout does not extend to white suckers.  These bottom
feeders tend to have higher levels than the either bass and trout.  The addition of coplanar
PCBs, for which we currently do not have data, may cause these fish to have cumulative
levels of dioxin-like compounds in excess of current FTALs and will be in excess of the a
potential lower FTAL of 0.4 pptr.

In general, the prognosis for changes in the contribution of dioxin and furan levels to the
need for consumption advisories on the Androscoggin River and Androscoggin Lake is
less clear.  Levels are generally below current FTALs for bass, but are above for suckers.
All sampling locations have levels above the potential lower FTAL of 0.4 pptr for both
bass and suckers, though levels in bass are approaching this lower potential FTAL at a
number of sampling locations.  The cumulative effect of dioxins, furans and coplanar
PCBs results in levels in bass that exceed even current FTALs for two sampling locations
on the Androscoggin River.

It needs to be emphasized that any formal changes in Bureau of Health fish consumption
advisories involves a comprehensive review of the levels of all measured contaminants in
fish tissue (e.g., methylmercury, PCBs, lead, and DDT in addition to dioxins and furans).
Consumption advisories are based on the most limiting contaminant.  Consequently, a
lessened need for consumption advisories due to lower levels of dioxins and furans in fish
does not necessarily translate into changes in consumption advisories for a waterbody,
especially given the statewide consumption advisory due to the presence of
methylmercury in fish tissue. It should also be emphasized that should some other
chemical (e.g., methylmercury) become the limiting contaminant, this does not imply that
levels of dioxins and furan are necessarily no longer of any health concern.

Elevated fish tissue levels of dioxins and furans can also be found on waters that do not
receive paper industry discharges, but do receive effluent from tannery mills.  The most
recent data from the West Branch Sebasticook River indicate levels that are above current
FTALs based on dioxins and furans alone (i.e., absent coplanar PCBs).

Clearly, the Dioxin Monitoring Program will need to continue for at least the immediate
future.  There is a need to continue monitoring the levels in fish from the Androscoggin
River, West Branch Sebasticook River, and Androscoggin Lake.  Sampling of bass and
trout on the Kennebec and Penobscot Rivers is recommended for another year or two in
order to confirm the recent drops in levels of contaminants.  Additional monitoring of
suckers on the Penobscot and possibly Kennebec Rivers is advisable, along with analyses
of coplanar PCBs under the SWAT program.



27

2.  EVIDENCE THAT DIOXIN IS BEING DISCHARGED FROM ANY MILL-THE A/B
TEST

SWAT TECHNICAL ADVISORY GROUP AND PEER REVIEW PANEL

As required by statute, the Department has sought the advice of the SWAT Technical
Advisory Group (TAG) about the DMP since the inception of the TAG in 1994 and
about the A/B test since its inception in 1997. In 2003, the Natural Resources Committee
requested that the Department also seek the advice of a Peer Review Panel regarding the
A/B test.  Recommendations from both groups, which are not always similar, will be
presented in this report, along with DEP’s final recommendations.

INTERIM TESTS

Concentrations of TCDD and TCDF were below the nominal detection limit, 10 pg/l (ppq) in the
bleach plant effluents from all mills by the required dates, July 31, 1998 and December 31, 1999
respectively (Appendix 4). This means that all mills met the interim limits of the 1997
Dioxin/Color law.

FINAL TEST: ABOVE/BELOW (A/B) TEST

The statute specifies that ”a (bleach kraft pulp) mill may not discharge dioxin into its receiving
waters after December 31, 2002”.  The final test is that fish (or suitable surrogate) below a mill
may not have any more dioxin than fish (or surrogate) above a mill; this is known as the
Above/Below (A/B) test.   There is no analytical or statistical test available that would ensure
that there is absolutely no discharge, however.  Therefore, to determine any virtual discharge, a
good statistical test must be sensitive enough to detect relatively small differences, called the
minimum detectable difference or minimum significant difference (MSD).

Following the advice of the SWAT TAG, the Department submitted an interim report to the
Natural Resources Committee on March 31, 2003 that designated filets of smallmouth bass and
white suckers as the best A/B test for 2003 to determine compliance with the statute.  Since the
fish test is relatively insensitive and monitoring for more than one year is necessary, the
legislature made the test an annual one.  The report also stated that the Department would
continue to investigate other methods in 2003 in an attempt to develop a more sensitive test for
compliance.

Statistical  analyses
 The statute specifies the use of 95% statistical confidence, which requires the use of statistical
hypothesis testing using appropriate tests.  Statistical confidence measures the probability of
making incorrect conclusions, known as type I (α) and type II (β) errors, from the data.  Type I
error is the probability of the test finding that there is a difference above/below when there really
is no difference, while type II error is the probability of the test finding that there is no difference
when there really is one (1-β is the power of the test).  It is in the interest of the DMP to
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minimize both types of error to the extent possible. Since the legislation does not distinguish
between the two, then they must be set equally at 0.05 (95% confidence).

The MSD, is related to type I and II errors, sample size, and the variability in the data as shown
in the following equation.

( )
n

tt
MSD
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where
tα is the t statistic for a type I error rate (0.05 specified)
tβ is the t statistic for a type II error rate (0.05 specified)
σ2 is the variance (population and analytical) of the sample
n  is the sample size

To make the MSD be as small as possible, given that the type I and II errors are specified
by statute, and that the variance is not totally controllable, then the sample size (n) must
be as large as possible.   But there is a limit on how many fish can be caught from a
waterbody within a reasonable time and effort and without depleting the population. And
there is the relatively high analytical cost per fish sample ($500-1000 each).  These two
factors limit how small the MSD can be.

In 1997, during its testimony in support of the law, the Department stated that it would try to
develop a test sensitive enough to detect the MSD between concentrations in fish above and
below a discharge of no more than 10% of background or as low as possible to signal virtual
elimination of discharges.  Although the DMP had successfully detected differences above and
below discharges in past years, as the amount of dioxin discharged is reduced, the DMP needed
to be modified to allow an enhanced ability to detect smaller MSDs.  MSDs are normalized to
mean concentrations at upstream stations to provide a relative measure of differences, since units
and scales are different for different congeners, test types, species, and tissues.

The Peer Review Panel report (Adams et al, 2004) recommends use of multiple statistical tests to
reduce the MSD and still meet the 95% confidence requirement.  The report recommends use of
a preponderance of evidence (POE) approach, where 2 of 3 tests determine the outcome.
Allowing the type I and type II error rates to be equal at 0.135, the overall error rates will be 0.05
and the MSD will be lower (72% of t-test SD, standard deviation) than that for single tests
(110%).   Similarly, use of EPA’s Principle of Independent Applicability (PIA) approach, where
all 3 tests must be passed, also allows overall error rates to be 0.05 while the type I and II error
rates are adjusted to achieve a lower MSD (0.83% t-test standard deviation -SD).  In the PIA
approach, the type I and II error rates are unequal, 0.017 and 0.368 respectively.   Considering
the above, this all would seem to favor the use of the POE approach, which would be appropriate
if all 3 tests were of equal sensitivity. The Department believes that if all tests are not equally
sensitive, then discarding one, perhaps the most sensitive one, could result in an inaccurate
determination of whether or not there is a discharge, particularly since the relative sensitivity of
each test is not known before the test.   The Peer Review Panel did not directly address the issue
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of sensitivity, but feels that each test has strengths and weaknesses and each test complements
the others.  The Department will use the POE approach.

DEVELOPMENT OF THE ABOVE/BELOW TEST

Fish

Since the development of the Above/Below (A/B) test began in 1997, the Department has
conducted tests for the presence of TCDD, TCDF, and DTEo on both a wet and lipid weight
basis using juvenile bass, single and composite mature bass filets, bass livers, juvenile and
mature whole suckers, single and composite sucker filets, single and composite sucker livers,
single and 2 composites of SPMDs, and caged mussels.  This amounts to a total of 78 different
types of tests.   No one test has been consistently the most sensitive by producing the lowest
MSDs, but in general, tests with fish filets were as sensitive or more so than the others.  No
single species always gave the lowest MSDs; in about 53% of the tests, either juvenile or mature
bass had the lowest MSDs, while in the remaining 47% of the tests, white suckers has the lowest
MSDs.  But MSDs for all tests were 50-400 % of background, much higher than the 10% target,
and not considered to be sensitive enough to accurately determine that there is no discharge in all
cases.   Details have been reported in the annual DMP reports that have been submitted to the
Legislature as required, the latest two of which are also available at
http://www.state.me.us/dep/blwq/docmonitoring/dioxin/index.htm .

Even though the fish test is not very sensitive, in the past it was good enough to detect the
relatively large differences in fish concentrations above/below discharges where there was no
other upstream discharge.  The fish test has detected significantly more dioxin in fish below
these mills than above these mills every year tested .  Although there is a trace of TCDF in fish
everywhere, there has been significantly more below these mills.

TCDD has not been detected in fish above these mills, but was detected in fish below these mills
until 2002. Since then, TCDD has not been detected in some fish below some mills.   The use of
TCDD requires use of a different model than hypothesis testing and was debated by the TAG.
Where most of the values are below detection (ND) then statistical comparisons cannot be made
without assigning a surrogate value.  But assignment of a surrogate results in an artificial
distribution with less variance, that is not representative of the actual distribution. The use of a
presence/absence test for TCDD as a common sense approach was considered, but it ignores the
fact that there is a real distribution of values below the detection limit. The Department has
determined that it will calculate mean concentrations only when there are some detectable
concentrations of TCDD in fish at both the above and below stations.  A surrogate value of ½ the
detection level will be used for the non-detects.

The Peer Review Panel proposes to use the sum of the concentrations of TCDD, TCDF, PeCDD,
and PeCDF, which would give essentially the same result as use of DTEo, since these four
congeners are the only ones with a significant Toxicity Equivalency Factor (TEF) used in
calculating the DTEo.    TCDD and TCDF are considered by EPA as the predominant congeners
discharged by pulp and paper mills in its draft Dioxin Reassessment (2000). PeCDD and PeCDF
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are the next most abundant congeners discharged by the mills, and do have relatively high
toxicities, but are much less abundant..The mills state that the EPA data are based on old
bleaching technology using hypochlorite, and that newer technology using chlorine dioxide has
no fingerprint, or dioxin congener specifically related to their discharge.

There is some concern that concentrations in fish may represent historical rather than recent
discharges.  There are two mechanisms by which this could theoretically occur.  First, dioxins in
fish tissue could simply be residual accumulations from past years.  The half-life of dioxin in fish
has been reported to range from months to a few years, but the most reports indicate that it is less
than 1 year.   The DMP collects fish of a standard size, and hence likely the same age, at each
location.  For mature bass, fish of a legal size (>12 inches in length) are collected and these are
probably 3-4 years old.  Assuming a half-life of dioxin in fish of 1 year, then 3-4 years after
cessation of the discharge of dioxin any residual concentrations would have been reduced by
87.5-95 % from the original concentrations simply through depuration.  Any more than that or
any more than in fish from background stations after that is an indication that dioxin is still being
discharged.  Mature suckers caught for this test are 6-8 years old and may take longer to purge
the dioxins from their tissue and come to a new lower equilibrium with the new discharges.
Yearling bass and suckers, however, do show current concentrations in the river.  Comparative
tests with yearling fish from 1999-2001, showed similar differences above/below as did mature
fish.  Consequently it appears that mature fish do represent current river concentrations.

Whether current river concentrations represent current or historical discharges may be influenced
by a second mechanism.  Historically contaminated sediments may be the cause of current
concentrations in water and/or food resulting in contaminated fish.  Fine-grained organic
sediments are necessary for accumulation of organic contaminants like dioxin.  Recent studies on
these rivers have failed to find much of these sediments.  The reasons are that improved
wastewater treatment has resulted in a lower discharge of organic solids, the rivers have more
oxygen which hastens breakdown of accumulating organic solids, and spring floods which move
the fine grained solids downstream.  Because the areal extent of find grained sediments is such a
small proportion of the total amount of sediments in the river, it is unlikely that sediments are
contributing much of the dioxins that are being measured in fish.  If sediments were a continued
source, then there is some thought that the white suckers, that inhabit the bottom waters and feed
in and on the sediment, might reflect historical dioxin discharges.  On the contrary, smallmouth
bass, that live and feed more in rocky areas not conducive to storage of dioxin, may be more
likely to show current discharges.  But the extent that this happens in Maine rivers is not known
for sure.

Semi-Permeable Membrane Devices (SPMDs)

Semi-permeable membrane devices (SPMDs) hold promise to be more sensitive than fish since
the SPMDs are manufactured and should theoretically have less variability than fish. Variability
is the most important and uncontrollable determinant of sensitivity of any test.   Beginning in
1999, annual testing with SPMDs by the University of Maine Environmental Chemistry Lab has
not shown any less variability than have fish tests.  In fact, some early SPMDs tests have failed
to show the large differences in dioxin concentrations above/below seen in the fish tests, while
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more recent tests, sometimes show results more similar to those from the fish tests.  The
variability in the 2003 samples was much lower than in the past and much lower than in fish or
caged mussels.

The 2003 SPMDs did not have any detectable amount of TCDD at any location, but did have
detectable amounts of TCDF and PeCDFs  (Appendix 5).  The SWAT TAG recommended that
SPMDs be continued to be used.  The Peer Review Panel report recommended that the SPMDs
are not sensitive since they did not detect any TCDD and the fish and caged mussels did.  In fact
TCDD was found in some, but not all, fish samples, more so in suckers than in bass.  TCDD was
found in 0/35 caged mussel samples on the Androscoggin and initially in only 2/18 samples on
the Kennebec, but the two detects were considered questionable and the sample results were
rechecked.  An error was found in identification of the TCDD peak from the chromatogram, and
in fact there was no TCDD in these two or any of the mussel samples from either river.

Caged Mussels

A caged mussel test conducted in 2000 did not find any TCDD or TCDF where fish samples did.
Possible reasons include poorer performance of mussels due to lower trophic level of the mussels
and/or shorter exposure time, or the fact that the fish show historical discharges rather than
current discharges.  The Peer Review Panel report recommends caged mussels as the best way to
monitor current discharges, since they can be deployed away from the surface and therefore
presumably avoid monitoring sediment levels.  There is some question, however, about whether
or not sediments could redissolve or resuspend dioxin into the water where it would be taken up
by mussels downstream.  The Peer Review Panel report does state that the exposure time is
adequate for the mussels to come to equilibrium with the dioxin in the river.  The Peer Review
Panel also states that the trophic level concern is insignificant since mussels do not metabolize
dioxins like fish do.  But it is uncertain whether or not this fact may  be enough to overcome the
effect of different trophic levels, which is a well known phenomenon in contaminant studies.  In
fact, in the 2000 studies, TCDD and TCDF were found in the fish and not in mussels from the
same stations on the Kennebec.  In 2003 TCDD was found in 10/50 bass samples and 37/50
sucker samples and 0/53 caged mussel samples from both the Androscoggin and Kennebec rivers
(Appendix 5).  This could be interpreted as meaning that the mussels are not as effective in
bioaccumulation of dioxin as are fish.  Alternatively, this could also mean that the fish,
particularly suckers, bioaccumulate historically discharged dioxin and the mussels bioaccumulate
currently discharged dioxin.  TCDF was found in 36/50 bass samples and 50/50 sucker samples,
and in 39/53 mussel samples.

The 2003 caged mussel tests utilized a gradient design, which was different than that used in
2000.  The theory behind the gradient design is that maximum contaminant levels immediately
below the discharge followed by a decline in concentration of contaminant progressing
downstream is indicative of a discharge.  This assumes there is no significant increase in
dilution, which was true for both rivers.  Other important factors that influence uptake, such as
temperature and total suspended solids, should also be similar.  These factors were not the same
above and below the mills in the 2003 study, and it is unknown how much they influenced the
results.  The data were analyzed two ways.  Comparing TCDD and TCDF levels at stations
immediately above and below the mills discharges, the Department found no significant
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difference between the above/below stations.  Likewise, using the same parameters there was no
gradient below the mills that indicated any discharge.

Analyses of the data was also conducted by Michael Salazar of Applied Biomonitoring, the
consultant that conducted the test, in a separate report that represents his views (Applied
Biomonitoring, 2004).  He found no evidence that either mill was a likely discharger of TCDD
and TCDF.   He did see a decreasing gradient below the SAPPI mill on the Kennebec, based on
total dioxins and furans, largely because of the OCDD and OCDF, the two most abundant but
least toxic of the 17 toxic dioxins and furans in the samples.  But the EPA draft Dioxin
Reassessment shows that OCDD and OCDF are products of combustion commonly emitted from
oil fired boilers and auto and truck exhaust and not discharged to any great extent from the
bleach plants of pulp and paper mills. The TAG, Peer Review Panel, and the Department all
agree with EPA that total dioxins are not an appropriate measure of discharge of dioxins from
pulp and paper mills. Applied Biomonitoring did find increased induction of vitellin, a
reproductive protein biomarker, which indicates endocrine disruption in the mussels below the
mill.

Wet Weight vs Lipid Weight
The Peer Review Panel  had initially considered recommending the use of   only lipid weight
based data, but in the final report had concerns about the lipid data and made no such
recommendation.  A discussion by the TAG of whether to use wet weight and/or lipid weight
based contaminant values resulted in agreement to look at the relationship between percent lipid
and contaminant level to decide.  A strong relationship (R2=>0.5) would require that lipid
normalized data be used, but a weak relationship would result in wet weight based data be used.

Data below the detection limit (Non-detects)
The issue of what to do about non-detects (NDs) was discussed by the TAG and the Peer Review
Panel.   The National Council for Air and Stream Improvement, a research group of the pulp and
paper industry, recommended substituting a range of surrogate values for NDs, from zero to the
detection limit (DL) to capture all possible outcomes.   The peer review panel has stated that use
of zero  is more protective of the environment and use of the DL or 0.5 DL  is more protective of
the industry.    NCASI gave an example of how that is not always the case.  The Department has
always used zero for these comparisons.   The TAG generally favored zero but one member
wanted a statement included to say it was arbitrary and explain why.  The Peer Review Panel
chose to try to avoid the issue by using suggested the use raw values for the 4 congeners (TCDD,
PeCDD, TCDF and PeCDF) as a way to address the issue of non-detects, but this approach
essentially chooses a surrogate value of zero for non-detects.

2003 A/B TEST

In 2003, bass and suckers were collected and analyzed above and below all 5 mills.  Caged
mussels and SPMDs were deployed above and below only the International Paper Co mill on the
Androscoggin River and the SAPPI Somerset mill on the Kennebec River.  Additional
monitoring will be needed at all mills in 2004 and beyond for some mills before compliance with
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the ‘no discharge’ provision of the 1997 Dioxin/Color law can be determined.   Results of the
2003 A/B test are summarized  in Table 2 followed by a more detailed discussion for each mill.

MeadWestvaco in Rumford
Examination of the 2003 data, shows that suckers below the MeadWestvaco mill in Rumford had
significantly higher TCDDw (wet weight based) than suckers above the mill (Appendix 5).
TCDF in suckers and TCDD and TCDF in bass, however, were not higher below the mill.  The
relatively high MSDs show that the tests were not very sensitive, however.  These results
indicate a possible discharge of dioxin, but, since only the fish tests were conducted in 2003, a
POE analysis could not be conducted (Table 2).  Additional sampling will be needed in future
years before a determination can be made.

International Paper Co in Jay
Examination of the 2003 data, shows that suckers below the International Paper mill in Jay had
significantly higher TCDDl (lipid weight base) than suckers above the mill (Appendix 5).  TCDF
in suckers and both TCDD and TCDF in bass, however, were not higher below the mill.  Caged
mussel data and SPMD data did not show any TCDD or any elevated concentrations of TCDF
below the mill.  A POE approach suggests that there is no discharge.  The relatively high MSDs
for all tests show that the tests were not very sensitive overall, however (Appendix 5). Additional
sampling will be needed in future years before a final determination can be made.

SAPPI in Skowhegan
Examination of the 2003 data, shows that suckers below the SAPPI mill in Skowhegan had
significantly higher TCDDw and TCDFl (lipid weight base) than suckers above the mill
(Appendix 5).  Caged mussel data did not indicate a discharge either by use of a standard
above/below analysis or gradient analysis using either measure of dioxin.  SPMD data did not
show any elevated concentrations below the mill.  A POE approach suggests that there is no
discharge (Table 2).  The relatively high MSDs for all tests show that the tests were not very
sensitive overall, however (Appendix 5). Additional sampling will be needed in future years
before a final determination can be made.

Table 2.  Evidence of dioxin discharge from 5 pulp and paper mills in 2003, Yes / No

 MeadWestvaco International Paper SAPPI Somerset Lincoln P&P Georgia Pacific

Bass N N N N Y
Suckers Y Y Y Y N 
Mussels NS N N NS NS
SPMDs NS N N NS NS

POE ND N N ND ND

NS = Not sampled
ND = Not determined
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Lincoln Pulp and Paper Co. in Lincoln
Examination of the 2003 data, shows that TCDDw (wet weight based) was higher in suckers
below the mill than above (Appendix 5).  TCDFw in suckers and both measures in bass,
however, were not higher below the mill.  The relatively high MSDs show that the tests were not
very sensitive, however.  These results indicate a possible discharge of dioxin, but, since only the
fish tests were conducted in 2003, a POE analysis could not be conducted (Table 2).  Additional
sampling will be needed in future years before a determination can be made.

Georgia Pacific Corp. in Old Town
Examination of the 2003 data, shows that bass below the Georgia Pacific’s mill in Old Town had
significantly higher TCDFw (wet weight based) than bass above the mill (Appendix 5).  TCDD
in bass and both TCDD and TCDF in suckers, however, were not higher below the mill. The
relatively high MSDs show that the tests were not very sensitive, however.  These results
indicate a possible discharge of dioxin, but a POE analysis could not be conducted since only the
fish tests were conducted in 2003 (Table 2).  Additional sampling will be needed in future years
before a final determination can be made.
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3. CURRENT TECHNOLOGY THAT ACHIEVES NO DISCHARGE OF DIOXIN

In 2003 the Department retained N. McCubbin Consultants, Inc. of Quebec, Canada to
present current information on technologies available to the pulp and paper industry to
reduce or eliminate dioxin from their wastewater effluent.  Mr. McCubbin was one of the
principle authors of EPA’s cluster rule that sets performance standards for the discharge
of dioxin from the pulp and paper industry.   As such he is an internationally recognized
expert in pulp and paper technology and related pollution control technologies.

The McCubbin report (N McCubbin Consultants, 2003) was submitted to the Natural
Resources Committee in March 2003 and describes several technologies available that
would reduce dioxin discharges by significant fractions.   Some of these technologies,
such as ozone bleaching and improved process control, could increase mill profitability.
Other technologies could have a negative impact on mill profitability. While some
technologies are relatively expensive investments, they could offer other environmental
benefits such as reduction in biological oxygen demand (BOD), color and phosphorous in
mill effluent.  Actual reductions in dioxin and the economic impact on mill profitability
would depend on individual mill circumstances.

 The McCubbin report concludes that while it would be technically possible to eliminate
dioxin formation and discharges from Maine mills by converting to Totally Chlorine Free
(TCF) bleaching processes, the capital costs would not likely be offset by reductions in
operating costs sufficient to support such an investment.

4.  THE NEED FOR CONTINUING THE DIOXIN MONITORING PROGRAM

As discussed above, continued monitoring within the DMP is necessary in future years to
determine initial and continued compliance with the ‘no discharge’ provision of the 1997
Dioxin/Color law.    A 2003 amendment to the law requires the mills to demonstrate
compliance annually.   The DMP is currently authorized through 2007.

For human health assessment of the need for fish consumption advisories, there are
several issues made clear from the previous discussions that point to the need for
continued monitoring through the Dioxin Monitoring Program.  Since background dietary
sources of dioxin/furan exposure are significant, the rivers need to be monitored to
identify when fish tissue concentrations become consistent with other dietary sources of
protein.  Background locations do have levels of dioxins/furans that are reasonably
consistent with other dietary protein sources.  While the dioxin/furan concentrations in
Maine’s major rivers have decreased substantially over time and are low at some stations
below discharges, they are still elevated compared to the current and future FTALs
(figures 3,4,10,11).  Additionally, as should be clear from figure 7, the inclusion of
coplanar PCBs with dioxins results in concentrations in fish that may continue to require
fish consumption advisories.



36

5. OTHER KNOWN SOURCES OF DIOXIN POLLUTING  MAINE RIVERS

There are traces of dioxins throughout the environment, including in the effluents of
publicly owned treatment works (POTWs), but the amounts are low unless there are
certain industrial sources, such as pulp and paper, tannery, or textile mill discharges,
contributing to the facilities influent.   Since its inception in 1988, the DMP has required
the Department to sample fish below facilities with  ‘known or likely dioxin
contamination’ in their discharged effluent.  These facilities have been identified by
finding of dioxins in wastewater or sludge from the wastewater treatment plants
(Appendices 3 and 4) or by initial surveys of fish downstream of facilities similar to those
showing discharge of dioxins (Appendix 7).   Facilities that have been found to discharge
dioxins have included paper mills that procure pulp from somewhere else, recycle paper
mills, textile mills, and tanneries.  Some of these were Scott Paper Mill in Winslow,
American Tissue (formerly Statler Tissue) in Augusta, Eastland Woolen Mill in Corinna,
all of which have gone out of business.  The Eastland Woolen Mill site on the East
Branch of the Sebasticook River is now a Superfund site, because of contamination by
chlorobenzenes, a dioxin precursor.   Currently, Prime Tanning in Berwick, Irving
Tanning in Hartland, and Huhtamaki in Waterville, all of which discharge to the local
POTW, are also considered sources.

In an effort to disassociate itself with the dioxin issue, in November 2002, Huhtamaki
became certified by the Chlorine Free Products Association as the first foodservice
manufacturer to offer processed chlorine free (PCF) packaging. The Chlorine Free
Products Association is a unique trade association representing companies dedicated to
implementing advanced technologies, and/or, groups supporting products free of chlorine
chemistry.  PCF means that, among a number of other requirements, no chlorine is added
during processing.  However, because PCF requires the use of at least 30% post-
consumer fiber, there is the possibility that fiber may have been previously bleached with
chlorine and contain dioxin.

The SAPPI Westbrook mill ceased its pulping and bleaching operation in 1999, but still
procures pulp, some of which may be kraft pulp, for its paper making.  Although recent
studies have showed no significant discharge of dioxin, periodic monitoring is warranted
to ensure no changes occur.  Interestingly, the Domtar (formerly Georgia Pacific) mill in
Woodland does not seem to be a significant source based on several years of fish data.
The reason it is not a source like all the other bleached kraft pulp and paper mills is
unknown but may be a result of the fact that it uses hardwood pulp rather than softwood
pulp.
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APPENDIX 1.   FISH CONSUMPTION ADVISORIES
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APPENDIX 2. DIOXIN AND FURAN CONCENTRATIONS IN 2002 AND 2003 FISH
SAMPLES

SPECIES CODES

BNT brown trout
EEL eel
LMB largemouth bass
RBT rainbow trout
SMB smallmouth bass
WHP white perch
WHS white sucker

STATION CODES

AGL Androscoggin R at Gilead above MeadWestvaco
ARP Androscoggin R at Rumford Point above MeadWestvaco
ARF Androscoggin R below Rumford   below MeadWestvaco
ARY Androscoggin R at Riley above International Paper 
ALV Androscoggin R at Livermore Falls  below International  Paper
AGI Androscoggin R at GIP, Auburn below International  Paper
ALS Androscoggin R at Lisbon Falls below International  Paper
ALW Androscoggin Lake at Wayne below International  Paper
KRM Kennebec R at Madison above SAPPI Somerset, Skowhegan
KNW Kennebec R at Norridgewock above SAPPI Somerset, Skowhegan
KFF Kennebec R at Shawmut, Fairfield below SAPPI Somerset, Skowhegan
KRS Kennebec R at Sidney below SAPPI-Somerset & KSTD in Waterville
PBW Penobscot R at Woodville above Lincoln Pulp and Paper
PBM Penobscot R at Winn above Lincoln Pulp and Paper in Lincoln
PBL Penobscot R at S Lincoln below Lincoln Pulp and Paper in Lincoln
PBC Penobscot R at Costigan, Milford above Georgia Pacific in Old Town
PBV Penobscot R at Veazie below Georgia Pacific in Old Town
PBO  Penobscot R at Orrington below Georgia Pacific in Old Town
PWD Presumpscot R at Windham above SAPPI Westbrook
PWB Presumpscot R at Westbrook below SAPPI Westbrook
SFS Salmon Falls R at S. Berwick below Berwick POTW and Prime Tanning
SEN E Br Sebasticook at Newport below Corinna and former Eastland Woolen mill
SED E Br Sebasticook at Detroit below Corinna and former Eastland Woolen mill
SWP W Br Sebasticook at Palmyra below Hartland POTW and Irving Tanning
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APPENDIX 3.   TCDD and TCDF IN SLUDGE FROM MAINE WASTEWATER
TREATMENT PLANTS
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APPENDIX 4.   TCDD and TCDF IN WASTEWATER FROM MAINE PULP AND
PAPER MILLS
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APPENDIX 5. TCDD, TCDF, MSD, AND P-VALUES FOR 2003 A/B TEST
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APPENDIX 6.  LENGTHS AND WEIGHTS FOR 2002 and 2003 FISH SAMPLES
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APPENDIX 7.  SUMMARY OF DIOXINS AND FURANS IN FISH AND SHELLFISH
SAMPLES, 1984-2001
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APPENDIX 8. DIOXIN AND FURAN CONCENTRATIONS IN 2002 FISH SAMPLES


